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Prerequisites
S

e This module assumes that the Booster is
running properly for a given energy and
species

e Features of “proper” operations include:

— Acceptable injection, acceleration and extraction
efficiencies

— Acceptable spill parameters
— Acceptable optices



Review of Timing Features
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Energy and Species Changes
S

e Some elements of machine operation will remain unchanged
e Accelerated beam operation may be left on during process

e Energy and Species changes require following alterations:

— Scaling of the magnetic elements to new beam momentum (rigidity) including:
e Setting new user parameters in SuperMan
- This is an extremely important first step for species changes!
Booster Main Magnet Function
- Possibly spill servo function
- Scaling of main magnet nominally handled in software

e Tune and Chromaticity Functions
e Transport Elements (R-line)
- Most easily handled through use of R-line magnet manager
e Extraction Bumps
e Extraction Septa

e Correction Elements
— D6 corrector coil
- D6 single bump

e C3 Inflector (if necessary)

- Adjustment of the RF parameters for new species and energy in BoosterBeamControl
e Most energy and species changes have preset parameters



Extraction Timing
-

e Extraction timing remains the same for
energy changes
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e Flattop may grow A T
or shrink, but
avallable spill length ! S
remains same { L ttttttt
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Magnetic Changes
-

e Magnets are scaled by the ratio of the
rigidities of the old and new species

e MMPS functions are scaled by the same
factor
- This feature i1s automated in the software

e Resonant sextupole currents should be

scaled by the ratio of the square roots of the
rigidities



Magnetic Rigidity
-

e The force on a moving, charged particle given by the Lorentz

force: 2
F-evB=""
o,
e This can be rearranged:
e e

e Bpis called the magnetic rigidity, and if we put in all the
correct units we obtain:

Bp=33.356-p [KG:m] =3.3356:p [T:m] (if pisin [GeV/c])



Rigidity and Dipole Fields
S

e A dipole with a uniform dipolar field deviates a particle by an angle &

AN Ve
>0
7/ N\

e The angle dcan be calculated:




Finding Rigidities

e Rigidities are published in the ‘Gardner

notes’ for each NSRL run

— http://www.cadops.bnl.gov/AGS/Operations/GardnerNotes/
NsriRuns/
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Using the Gardner Notes

Beams and Extraction Energies

Injection Parameters

Extraction Parameters

1 Beam order and nominal extraction energy

11

L

Week 1

Protons. 1000 MeV per nucleon. May 15 (Thur).

. Iron. 1000 MeV per nucleon. May 16-17 {Fri-Sat).

Week 2

. Iron. 1000 MeV per nucleon. May 19 {Mon).
. Protons. 1000 MeV per nucleon. May 20 (Tue).
. Iron. 1000 MeV per nucleon. May 21 {Wed).

. Protons. 1000 MeV per nucleon. May 22 (Thur).

Week 3

. Iron. 1000 MeV per nucleon. May 27-28 (Tue-Wed).

. Protons. 1000 MeV per nucleon. May 20 (Thur).

Energies and rigidities
are listed and readily
accessible through the
notes

Table 3: Titanium and Iron Parameters at Booster Injection

Parameter Ayt Fe?0+ Unit
Protons 22 26
Nucleons 48 56
me? 44.6540277 52,0028437 | GeV
Archive
Date 28-20 Jun 07 | October 07
11DHI
NMR Probe 4364.1 4364.1 Gauss
hf 358.0563 341.131 kHz
h 3 3
T=1/f 8.3786 8.79427 s
Kinetic
Energy W 144.7817 153.2415 MeV
Bp 0.6669 0.6660 Tm
Bp/lp 480.974 480.974 Gauss
Booster
Hall Probe — 453.4 Gauss
Booster
Gauss Clock - 23.56 Ganss
Injection
Field H 476.9 476.9 Gauss
Inflector
Setpoint Vg - 20,605 kV
Inflector
Predicted V7 31.235 20.759 kV

Table 9: Titanium Parameters at Booster Extraction

Parameter Til*+ Tie+ Unit
me’ 44.6540277 446540277 | GeV
Archive
Date 28-29 Jun 07 | 28-29 Jun 07
hf 3.0054238 3.012198 MHz
h 3 3
T=1/f 0.768162 0.766832 s
Kinetic E
per Nucleon 1000 1011.1732 MeV
Bp 15.0444180475 | 1515774013 | Tm
Bp/p 10850.18 10931.91 Ganss
Magnetic
Field Setpoint - 11100 Gauss
MM Current
Setpoint - 4663 Amps




Scaling the Main Magnet

i BoosterMainMagnet
File PPM Edit|Setup View Diagnostics

PP} User: NSRL_Proton_U2
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Adjusting the Spi
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Scaling Tunes

e Tune functions tied to
an underlying model of
the Booster optics

e These functions must
be remodeled due to
change of the Booster
main magnet

e Remodeling performed
automatically when
function is loaded,
based on main magnet
function

* Booster/TuneControl: *LIVE2*SPE_1ProtonT1000, PP# User; NSRL_Proton_UZ
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Scaling Resonant Sextupoles

e Recall that the resonant
sextupoles are a set of
four sextupoles used for
slow extraction

e Remodeling of sextupole
currents is similar to tune
currents

— Normally performed
when a new function is

loaded for a given main
magnet function

e Sextupoles scale as the
ratio of the square roots
of the rigidities

* Booster/ChromControl: *LIVE2*SPE_1ProtonT1000 PPM User: NSRL_Proton_U2

File PPM Process Function SetUp Diagnostics

EEX

Help

200

Amps

0 200 400 EOQ 800 1000 1200 1400 1600 1800 2000
Tine(ms)
X H_chrom_I{t)/%L [VEZ¥SPE_1PrataonT1000 Y ¥_chrom_I{t)/*LIVEZ¥SPE_1ProtonT1000
L C_I{t)/®LIVEZ#SPE_1ProtonT1000 . F_I(t)/#LIVE2#SPE_1ProtanT1000

H_chrom_I{t)/he_cnct.
C_I(t) i _cnot

W_chrom_I{t)/ve_cnot.
F_I{t}/fi_cnct

Chrom

0 200 400 EOQ 800 1000 1200 1400 1600 1800 2000
Tine(ms)

—#—  H_chrom_desired(t ) *L[VE24SPE_1ProtonT1000

—&— Y_chron_desired(t)LIVEZ4SPE_1ProtonT1000
—>¢—  R_desired(t)/*LIVEZ*SPE_1ProtonT1000 —k—

RO_desired(t )/ % IVEZ*SPE_1ProtonT1000

-
o

885

Reference
|
Il
e

ik
=

=

200 400 B0 800 1000 1200 1400 1600 1800 2000
Tine(ms)

——  time_values *LIVEZ#SPE_1ProtonT1000

Change Mode |

Make Live
(Load&Execute)

B(t)

Add
Times

—Process ———————————
+ BoosterfTuneControl
“# Booster/ChromControl
~ AGSTuneControl
+ AGSIChromControl

—Edit

~+ Horizontal
~ Vertical
4 R

-+ RO

~ C

~ F

File Open Options
M Revert To Model

Use Live B(t)

Current from Tune

Table Edit Mode : x =2116.15 vy =-41.3793

. i



Scaling of Transport Elements
S

e Transport elements (R-line) are scaled using
the ratio of the rigidities

e Most quickly accomplished using the R-line
magnet manager

- Magnet manager converts magnet strengths
(magnetic fields) to currents based on the desired
rigidity

- Note that hysteresis of 20° bend (RD1&2) may be
required after application of magnet manager



The R-line Magnet Manager

Present current in
magnetic element

NSRLIr_line_Magman

Check that present
setting of rigidity

Page ##h4 Device Data Tools Buffer

Staged commit Strengt PSC PSC PSC
matCheS Current PSC Ado Mame Strength |Current |Current| staged ScaleFa Setpoint Readback State Pol
L rLineMag.D6S bdé—sptm—ps—ps| 0.17158 |4906.128] 635, 153 commit 1 4441.932 4446.,12 On A use P!
beam Condltlons rLineMag,VC1 rpll_tdvl-—ps —0,00051| -5,003| -5.003| commit 1 -50,000 -50,1028 On B |use P!
rLineMag. T S —ps . . . commi . . n use P!
L Mag .HC2 d13_tdh2—p: ©.00000 0,000 0,009 t 1 0,000 0,0292978 O B P!
e Use GetAto place L tnatag. 02 s o-o3aze| 795 501 | 100-020| conmit | 1 803,07 506,751 om | & |use m
1 rLineMag.HC3 rd70_tdh3-ps 0. 00000 0.000 0,000 commit 1 14.389 14,4035 On A |use P!
present Currents Into rLineMag.VC4 rp?3_tdvd-ps 0.00019 10,406 1.356] commit 1 0.000 —0,0982696 Stby A |use P!
rlLineMag,D20 rarc20—ps 0.16842 |2203,552| 256,592 commit 1 2253,550 2302,
Stag ed Curre nts rlLineMag.Q3 rg3—ps ©,.27114| 917,185 | 116, 735 commit 1 1070,993 1074, A | t
h b h t rLineMag.04 rgd-ps 0.26408| 893,269 | 113,644 commit 1 964,961 72,7 pp y presen
C R S rLineMag.HCS rdl37_tdh5-—ps ©0.00000 0.000 0,000 commit 1 0.000 —0.07019
. a_nge . . _0 O rLineMag.VC6 rpld40_tdv6—ps 0.00015 8.330 1.085| commit 1 5.215 5.573 Currents to Staged
f rLineMag.01 roctl-ps 24.30182 |1509.210| 194,695 commit 1 1959.869 1963,
deSIred rlgldlty Or rLineMag,Q5 rgS—ps ©,20594 | 696,853 | 88,276 commit 1 655,547 656,2 Currents
LineMag ,HC? d178_tdh7— ©,00003 1,585 0,207 it 1 9.841 —0.,084 1
energy Change :Li:znzg.vcs : 181_tdv8—pz 0.00004| 2.,019| ©.263] — = : e ;'
g P P!
rLineMag.02 roct2—ps 24.63639 |1530.830] 197.376] qée B!
- NeW Values Of rLineMag .06 rqgé-—ps 0.00000 0,000 0,009 Send Staged Currents to R lﬁse P!
rLineMap .07 rgi—ps 0.13430| 454,313 | 57.252 H se P!
Staged Currents are rLineMag .08 rg8—ps ©.25426 | 860.033 | 109,348 a” magnetlc elements p fuse P!
CaICUI ated rLineMag,HCO rd?50_tdh9—ps | 0,00046| 25.427| 3,305 T = o5 =0 ZIU5TS 5T h [|use P!
rLineMag.V¥C10 rp253_tdvl0-ps| ©0,00096| 53,197 6,899 commit | 1 3, 790 34,8576 On B/ |use P!
e UsecommitAto
apply new currents
Sgﬁi Kgs (Staged rLineMagControl.adol/operations/ load save
currents) into = Current to be applied to
. #4(1.1) blank cell \ magnetic element
magnetic elements
Wed May 21 10:47:37 2008: copying parameter values}\;tﬁer.
Wed May 21 10:47:39 2008: Get and Async requests complete.

Rigidity setting




Scaling Extraction
Bumps

e Extraction bumps (C7, D1, D4,

D7, E1) are scaled according to

the ratio of the rigidities

Determine rigidities from Gardner
notes

Calculate ratio (greater energies
require larger rigidities)
Multiply currents by the ratio

Set the extraction bumps using
Function Editor

FunctionEditor / Booster/Orbit/ExtractionBumpBAF / C7Bump,  PPM User: NSRL_Proton_U2 EX

File PPM Setup FunctionBuilder Diagnostics

Help
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File
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Help
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Table Edit Mode :x = 1665.82 v =85.679
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Scaling Extraction Septa

e Extraction septa at D3 and D6 are scaled

similarly, using the ratio of the rigidities
— D6 Septum |S " NSRLRing PP User: NSRL_Profon_12

Page PPM Device Data Tools Buffer Help
Magnet Dwell out{A) Ctrl Status Faults S
g e n e ra y b-sxri-ps o On On
b—sxr2-ps o] On Oon
straightforward |- o on on
bdl-blu—ps 0 On On
= bd4-blu—ps o] On Oon
adjustment o o o
bel-blu—ps o] On Oon
Current.{A) Setpt (A)
: bd3-sptm—ps-psc [ ] 3553.07 433.875 On On
—_— I I I ay re q u I re bd6—sptm—ps—psc [ ] 3002,12 2110.78 On On
bdé—blu—ps 99.79 99.00 PclB
- Drives Position Control Retract/Recal Limit Sw Lin Pot {mm}
S C an n | n g a n d bd3-sptm Upstrean 140300 140300 home No —23.34
bd3-sptm Downstream 113600 113800 home No —18.05
d . t 't D6 Cellimator 1 (s} home Retracted 2.14
a J US I I le n Flag/Foil Drive 2 2 -
- i
after scaling g ' =
B (1,2) "text” Muige: & 7] 4| 673
[
Tue Apr 13 13:50:24 2008: copying parameter values to buffer.
Tue Apr 15 13:50:25 2008: Get and Async requests complete. 7l




Adjusting Correction Elements
-

e Although changing energy at extraction, some
Injection problems may occur

File PPM Setup FunctionBuilder Diagnostics Help

— Mainly related to the D6 septum
remnant field and history R
e Retraining of D6 septum may be
required .
e Hysteresis of D3 septum may also 3

be required

e Normally only needed when i
lowering extraction energy

- Scaling of D6 corrector coil and/or .
D6 single dipole may be required )

e Tuning may be necessary to find
optimal injection efficiency

—>—  DEHorI{t )/ *LIVE2*SPE_1ProtonT1000

Table Edit Mode : x = -20.804 vy = -6.68148




Species Change
S

e \When changing species, you are essentially
doing both a species and an energy change.
- Everything done with the energy change must be

done as well as other tasks directly related to the
change in species itself.



Loading Archives

e In general, many runs have been archived
and could potentially be loaded
— This must be done with care!

e TAPE-created archives are the most
desirable archives to load

- Created at specific, reliable points in the
operations cycle

- Created by documentation routines
— Also created by NSRL Archive Creator



Loading RF Parameters

e RF parameters are loaded via BoosterBeamControl
- Most Ter————

File PPM Setup | Function Diagnostics Help
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e Species and

SuperMan [ File: *LIVE*E f TABLE_E

Setting User Parameters

File Table Edit Setup View Diagnostics Help
15.00 ! 1 1 L
=] @
energy ; :
Codes Added = © Setup K -
parameters :
-
Codes Deleted System Default PPM User: NSRL ion U3 =i Current Run: run_fy0s B
. w 10.00 |-
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S u e r M an = — AGSiBooster Particles =
= a
& 500 AGS Particles E PP | Proton PP | o
- AGS Nucleon Count ] 1 1 1
— Species are e I 1 1
g AGS Mass 1| Proton 272 0.938272 0.938272
AGS Inj BRho Ersiisien] P518 7.20518 7.20518
aval a e aS AGS Ext BRho ] [FroterlTandem) (s 81.1138 81.1138
Booster Particles BB e Ee Fe | =
t 0.00 T Bstr Nucleon Coun Deuteron 1 56 56
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T 1ol 7 7700 E 2 3 =N
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m an u aI |y User 4 description |RHIC_pp_U4:
User 5 description | Linac_Us
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Gardner notes User 7 description ILinaciUf
Save Changes Cancel




Using TAPE
-

e TAPE automates steps that have been
described above

e TAPE allows for the following:
— Archive creation
- Energy/species scaling

- Energy/species changes
e Changing between preset archives



TAPE: Energy Scaling

“ tape  PPM User: NSRL_Proton_U2
File PPM Mode Diagnostics Help

Sequence: NSRL/EnergyScaling.tape

. | Sequence Tree BNl e oy Scaling tape = EnergyScaling.tape Al
[ ] E n e rgy Scal I n g * AGS MSRL_Archive Creator.tape Disclaimer C?
#» Booster MSRL_EnergyChange.tape » CheckPPMUser P| 2]
II t LA NSRL Get Desired Energy P|?
a OV\/_S user O Access Get Real Energy From BvK's app P| 2|
PowerSupplies v Verify SpecMan settings =12
S p e C I fy n eW e n e rgy L SolarParticleSimulator Get Species P|?
Documentation Set Backup Species P| 2|
- Used to Scal e ModeSwitch » Proton source check P| 2|
1 1 # RHIC Get Nucleons Al ?
from an existing, [ %
1 * Test Get Mass P|?
prope rly Workl ng Verify species is correct P| 2|
i d”) t t » MakefirchiveTag e
( gqo Se up O » Resynch RLine Manager sequence P| 2|
a d Iffe re nt e n e rgy » Run the EnergyScanArchiving sequence P| 2|

— Species is not
allowed to
change

e Machine
parameters are :
Scaled to Correct - Filter: | *tape Run | Retry | Pause Canoal

Successfully setup async. to get messages from the LaunchServer. (May 21 11:40:18)
Val u e Successfully loaded file foperations/app_storeftape/MSRL/EnergyScaling.tape (May 21 11:40:28)
Successfully loaded file foperationsfapp_storeftapefNSRLINSRL_Archive Creator.tape (May 21 12:17:38)
Successfully loaded file foperationsfapp_storeftapefNSRL/NSRL_Archive Creator.tape (May 21 12:17:55)
Successfully loaded file foperations/app_storeftape/NSRL/Documentation/TandemDocumentation.tape (May 21 12:21:47)
Successfully loaded file foperations/app_storeftape/NSRL/NSRL_EnergyChange.tape {May 21 12:41:57)
Successfully loaded file foperationsfapp_storeftapefMSRLINSRL_EnergyChange.tape (May 21 12:42:20)
Successfully loaded file foperationsfapp_storeftapefNSRL/EnergyScaling.tape (May 21 12:49:31) e

=




TAPE:
rchive Creation

e Morning number create
machine archives

e Archive Creator saves
archives of a specific
energy and species for
future reference

e Allows for rapid cycling
between setups
through the NSRL
Energy Change routine

® tape  PPM User: NSRL Proton U2

“ Load Buffer from Archive

Archive List | Archive Header

iy
NSRL_FH0521073809 | | Created: Wed May 21 07:38:42 Zoom =
NSRL_EN0520221702 Branch: Booster
NSRL_EN0519174920 Comments: NSRL_Proton_U2
NSRL_EN0519124753 Generated by the NSRL documentation TAP

NSRL_EN0519073311
NSRL_EN0517120455
NSRL_EN0517082931
NSRL_EN0516173807 _
NSRL_EN0516072943
NSRL_EM0515211018 ~ ! =
NSRL_EN0515171321

MNSRL_EN0515072329 Fromrun:  run_fy08 —

NSRL_EN0514141643
NSRL_EN0514130940 Data source: branch archives =
NSRL_EN0514130821
NSRL_EN0514072552
NSRL_ENO0513174905
Filter:

|u | Only show archives saved at this branch

_I Sort archive list alphabetically

| Show timed archives in archive list

File PPM Mode Diagnostics

Sequence: NSRLUNSRL_Archive_Creator.tape

| Sequence Tree | A EnergyScaling.tape T ] NSRL_Archive_Creator, tape

* AGS Disclaimer Ccl?
# Booster NSRL_EnergyChange.tape » CheckPPMUser P|?
V Get Desired Energy Pl ?
Access L VYerify SpecMan settings =7

PowerSupplies Get Species 5

> SolarParticleSimulator Set Backup Species P
Documentation » Proton source check P|?

ModeSwitch Get. Nucleons P|
# RHIC Get. Charge Pl ?
# Tools Get Mass P|?
# Test Verify species is correct Pl ?
» MakeArchiveTag Pl ?
> Delete 0ld Archives =7

» Make Mew Archives P|

I Filter: |*.tape Run | Hetry | Paiege | Caneel

=

Successfully loaded file foperationsfapp_storeftape/NSRL/NSRL_Archive_Creator.tape (May 21 12:17:58)

Successfully loaded file foperationsfapp_storeftape/NSRL/Documentation/TandemDocumentation.tape (May 21 12:21:47)
Successfully loaded file foperationsiapp_storeftape/NSRL/NSRL_EnergyChange.tape (May 21 12:41:57)

Successfully loaded file foperationsiapp_storeftape/NSRL/NSRL_EnergyChange.tape (May 21 12:42:20)

Successfully loaded file foperationsfapp_storeftape/NSRL/EnergyScaling.tape (May 21 12:49:31)

Successfully loaded file foperationsiapp_storeftape/NSRL/DocumentationTandemDocumentation.tape (May 21 12:56:32)
Successfully loaded file foperationsfapp_storeftape/NSRL/EnergyScaling.tape (May 21 12:59:01)

Successfully loaded file foperationsifapp_storeftape/NSRL/NSRL_Archive_Creator.tape (May 21 12:59:03) .




TAPE: Energy Change

e NSRL Energy
Change routine
used to change
between preset
energies for a
given species

tape PPM User: NSRL_Proton_LJ2

File PPM Mode Diagnostics Help
Sequence: NSRL/NSRL_EnergyChange.tape
| Sequence Tree | =1 EnergyScaling.tape I NSRL_EnergyChange. tape 4
* AGS NSRL_Archive_Creator.tape *  CheckPPMUser P2
# Booster MNSHRL EnergyChange.tape v Get Species P| 7
b Proton source checkl P| 2
Access Get Desired Energy P ?
PouwerSupplies Create archive tag 1 P ?
» SolarParticleSimulator Ion Conditional F|?
Documentation Get Desired Energy P| 7
ModeSwitch Create archive tag 1 P ?
# RHIC Species Endif F|?
* Tools Proton source check F|?
* Test Linac or Tandem? P| 2]
Set Proton Tandem P ?|
Linac check P ?
Set ProteonLinac P| 7|
Linac Check endif P| 2|
Proton Check endif P ?|
Create Archive tag 2 F|?
» Run the Archive Restore sequence P|?)
- Filter: |*tape Run | Fratry | Fause Laneel
Successfully loaded file foperations/app_storeftapefNSRL/Documentation/TandemDocumentation.tape (May 21 12:21:47) e
Successfully loaded file foperationsfapp_storeftapefNSRL/NSRL_EnergyChange.tape (May 21 12:41:57)
Successfully loaded file foperations/app_storeftapefNSRL/NSBL_EnergyChange.tape {May 21 12:42:20)
Successfully loaded file foperationsfapp_storeftapefNSRL/EnergyScaling.tape (May 21 12:49:31)
Successfully loaded file foperations/app_storeftapefNSRL/Documentation/TandemDocumentation.tape (May 21 12:56:32)
Successfully loaded file foperations/app_storeftapefNSRL/EnergyScaling.tape (May 21 12:59:01)
Successfully loaded file foperationsfapp_storeftapefNSRLINSRL_Archive Creator.tape (May 21 12:59:03)
Successfully loaded file foperations/app_storeftapefNSRL/NSRL_EnergyChange.tape (May 21 13:04:38) -




Problems and Solutions Related to

Energy or Species Changes

Symptom

No Injection

No Injection

No/Poor Injection

No/Poor Injection or
incomplete acceleration

No acceleration

Mo Acceleration
No gap volts

No Extracted beam

No or poorly extracted beam

Poor exfraction efficiency

Possible problem

Transport from TTB

Inflector is wrong.

D6 fringe field

Tune function wrong

Gauss clock not on primary

‘Wrong Beam Parameters

Extraction tune wrong

Extraction radius wrong

D3 septum at wrong or bad
setting

Method for finding

Examine pet

Examine pet

Observe injection on scope.

Check Optics Control

Check pet and ADT

Check in BeamControl

Observe Extraction parameters
on scope.

Observe spill parameters in
virtual scope, intensity on
GPM.

Observe spill parameters in
virtual scope, intensity on
GPM.

Solution

Load previously running
values

Load proper value.

Tune D6 trim coil and or D6
single dipole m

Create and load proper
function.

Put on Primary gauss clock.

Load proper values.

Adjust tunes as necessary.

Adjust radial steering
function.

Scan d3 septum.




